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(S) Bioabsorbable wound implant materials. 

(57) Heteromorphio sponges are desoribed whioh 
have matrix structures with oriented substruc- 
tures added to facilitate cellular invasion. A 
sponge may be used as a wound implant by 
cutting it to the shape of a wound bed and 
placing therein. The matrix structure provides 
conduits which assist invasion of the sponge by 
cells which degrade the sponge and lay down 
new tissue to replace it The incorporation of 
active agents in the matrix and/or substructures 
enhances wound healing. 



<M 
CD 
00 

CM 
CO 

m 



Ol 

LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 562 862 A1 



The present invention relates to bioabsorbable 
wound implant materials, and more particularly to het- 
eromorphic sponge materials containing an oriented 
substructure, which are suitable for use as implant- 
able materials in wound repair. s 

Porous materials formed from synthetic and/or 
naturally occurring bioabsorbable materials have 
been used in the past as wound dressings or im- 
plants. The porous material provides structural sup- 
port and a framework for tissue ingrowth while wound 10 
healing progresses. Preferably, the porous material is 
gradually absorbed as the tissue around the wound 
regenerates. 

Typical bioabsorbable materials for use in the 
fabrication of porous wound dressings or implants in- 15 
elude synthetic bioabsorbable polymers such as poly- 
lactic acid or polyglycolic acid, and also biopolymers 
such as the structural proteins and polysaccharides. 
The structural proteins include collagen, elastin, fi- 
bronectin, laminin and fibrin, as well as other proteins 20 
of the human connective tissue matrix. Of these, the 
most studied material has been collagen. 

Collagen Is the most abundant animal protein and 
the major protein of skin and connective tissue. A high 
degree of homology exists between the various types 25 
of collagen found in different animal species and hu- 
man collagen. Accordingly, animal collagen types 
such as bovine collagen are useful because they ex- 
hibit very low Immunogenicity when implanted into 
humans or used as topical dressings on human 30 
wounds. 

Collagen may be prepared in a variety of physical 
forms including fibres, flakes, films or aqueous gels. 
Freeze drying an aqueous gel or an aqueous suspen- 
sion of collagen may be used to produce a porous col- 35 
lagen sponge. Collagen sponges are described, for 
example, in Chvapil, J. Biomed. Mater. Res. 11^ 721- 
741 (1 977). The use of collagen sponges and/or other 
freeze-dried biopolymer sponges as wound dressings 
or implant materials is disclosed, for example, in US- 40 
A-4614794 and US-A-4320201. 

High molecular weight polysaccharides of the 
mammalian connective tissue matrix have also been 
used in various types of wound dressing or "synthetic 
skins". Yannas I.V. & Burke, J.F., J. Biomed. Mater. 45 
Res. 14 56-81 (1980) describe the use of such poly- 
saccharides in wound dressings formed by freeze 
drying as sponges. High molecular weight polysac- 
charides Include such molecules as chondroitin sul- 
phate, hyaluronic acid and dermatan sulphate. 50 

US-A-4614794 describes the use of other natur- 
ally occurring polysaccharide materials, especially of 
plant origin, in the dressing of wounds. These include, 
for example, alginates, chitosan, chitin, guar gum, 
and various plant gums. 55 

Porous materials comprising more than one kind 
of bioabsorbable polymer have also been suggested 
for use as wound implants or wound dressings. For 



example: 

GB-A-2215209 (Osmed Inc.) describes a biode- 
gradable, osteogenic bone-graft substitute compris- 
ing: (a) a porous, rigid structure formed from a biode- 
gradable polymer such as polylactic or polyglycolic 
acid; (b) a chemotactic substance such as hyaluronic 
acid, f ibronectln or collagen dispersed in the interstic- 
es of the rigid structure, and (c) a biologically active 
or therapeutic substance such as bone morphogenet- 
ic protein. In use, the material is implanted into a bone 
defect. The material helps to restore functional archi- 
tecture and mechanical integrity of the bone, initiate 
osteogenesis, and maintain the biological processes 
of bone growth while simultaneously being slowly bio- 
absorbed by the host organism. 

JP-A-03023864 (Gunze KK) describes a rein- 
forced collagen sponge for use as a filling material for 
biological tissue. The collagen sponge is reinforced 
by the addition of fibres of poly-(L-lactic acid). The re- 
sulting fibre-reinforced composite sponge is stronger 
than pure collagen or cross-linked collagen sponges, 
and is bioabsorbed more slowly in a host organism. 

Implants made from biological, bioabsorbable 
components are normally intended to be invaded by 
the cells of the host or recipient of the implant Cellu- 
lar invasion of homogeneous sponge implants, how- 
ever, is not necessarily achieved in the most efficient 
manner. The closed honeycomb nature of sponges 
presents a series of "walls" to cells invading the struc- 
ture, each of which has to be breached before pro- 
gress can continue. Cellular invasion is required by 
cells which can degrade the implant materials and by 
t hose which can lay down the tissue to replace the im- 
plant and thus repair any defect which the implant is 
intended to repair. Failure of either type of cell to in- 
vade the structure of the implant in an efficient man- 
ner prevents vascularisation which is required for new 
tissue to be able to sustain its life. 

Furthermore, the porous bioabsorbable implants 
that have been suggested to date are all isotropic ma- 
terials. That is to say, the structure and composition 
of the materials are uniform in all directions. This does 
not conform to the reality of wound healing, according 
to which vascularisation and tissue ingrowth into 
wounds are highly directional. For example, tissue in- 
growth normally takes place from the edges of a skin 
wound, and not from the wound bed. For optimised 
wound healing the implant material should be aniso- 
tropic so as to allow rapid tissue ingrowth In the pre- 
ferred wound healing direction while maintaining 
maximum structural stability in all other directions. 

Accordingly, it is an object of the present inven- 
tion to provide a porous bioabsorbable material that 
is suitable for use in the repair of full and partial thick- 
ness defects of the skin and defects or deficiencies 
of other soft tissues. In particular, it is an object of the 
present invention to provide a porous material that is 
readily invaded by cells of the host organism and that 
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is anisotropic. 

The present invention provides a bioabsorbable 
heteromorphic sponge comprising a matrix structure 
of sponge and at least one substructure, wherein the 
matrix and the substructure are formed of bioabsorb- 
able materials and the substructure is oriented. 

The term "heteromorphic" means that the spong- 
es according to the present invention are structurally 
inhomogeneous due to the presence of the substruc- 
ture in the sponge matrix. The sponges according to 
the present invention may also be chemically inhomo- 
geneous if the substructure has a different chemical 
composition than the sponge matrix. 

The substructure in the heteromorphic sponge 
according to the present invention is oriented. That is 
to say, the substructure is anisotropic and thereby de- 
fines preferred directions for cellular ingrowth intothe 
sponge. The anisotropy is normally provided by the 
use of oriented flakes, films, fibres or the like to form 
the substructure. 

The sponge is bioabsorbable in that it is capable 
of full degradation and resorption within a patient's 
body. The heteromorphic sponge is preferably used 
as a wound implant for example in partial or full thick- 
ness skin injury or in tissue insufficiency where soft 
tissues are required to be replaced. 

Preferably, the matrix and the substructure are 
both formed from biodegradable biopolymer materi- 
als. 

The matrix is preferably strong and resilient 
enough to resist collapse and may be cut and/or 
formed so as to conform to a wound shape so that it 
protects and/or fills a wound bed. It may, for example, 
be cut so as to fill the full depth of a wound or tissue 
deficient area. 

A heteromorphic sponge which has been cut to 
shape can then be placed into a debrided wound bed. 
A wound which has a heteromorphic sponge implant- 
ed therein may then be dressed with a suitable dress- 
ing and healing allowed to take place. Regrowth of 
new tissue into the heteromorphic sponge enhances 
wound healing. 

The heteromorphic sponge may allow wound flu- 
id, oxygen and other gases to pass through the 
sponge and can be replaced by host tissues in such 
a way that healing is promoted and cosmetic damage 
minimised. 

Preferably, the sponge matrix comprises one or 
more proteins or one or more polysaccharides, or a 
mixture of one or more proteins with one or more poly- 
saccharides. In particularly preferred embodiments, 
the sponge matrix consists essentially of collagen. 
The collagen may be provided by harvesting it as a fi- 
brous mass containing largely collagen types I and III 
from such animal sources as skin, tendon, intra-organ 
connective tissue and bone and from such species as 
cattle, sheep, pigs, chickens, turkeys, kangaroo, deer 
or other mammals. 



The sponge matrix and substructures within the 
matrix may include all collagen types, tenascin, lam- 
inin, chondroitin sulphate, hyaluronic acid, dermatan 
sulphate, heparin sulphate, heparin, elastin, fibrin, fi- 

s bronectin, vitronectin, dextran, or oxidised regenerat- 
ed cellulose. 

The substructures are non-randomly deposited, 
oriented substructures. They may be formed from 
material which is the same material as that of the ma- 

10 trix or may be formed from another material. The sub- 
structure may be fOms, flaked or otherwise broken 
films, fibres, fibre bundles or mixtures of these. The 
substructures may comprise materials which make 
up for tissue deficiency or which contain active agents 

15 which may control, enhance or encourage wound 
healing. 

Oriented substructures within the matrix provide 
conduits or pathways for cells to follow, enabling 
them to invade into the body of the matrix of the het- 

20 eromorphic sponge. Particularly preferred for this 
purpose are substructures which are elongate or flat 
and planar, such as films or film flakes, fibres or fibre 
bundles. The sponge component of the matrix thus 
has its homogeneous structure sufficiently interrupt- 

25 ed by the substructures to facilitate cellular move- 
ment Thus, endothelial cells and fibroblasts can mi- 
grate relatively rapidly in the matrix structure and be- 
gin, at an early stage after implantation, the process 
of degradation and renewal. 

30 Preferably, at least 75% of the substructure is ori- 
ented within 30 degrees of a mean direction of orien- 
tation of the substructure. For example, where the 
substructure comprises fibres or fibre bundles, pre- 
ferably at least 75% of the fibres are oriented within 

35 30 degrees of the mean direction of orientation of the 
fibres. Where the substructure comprises flakes or 
films or other substantially planar fragments, copta- 
narity of the planar fragments is not required provided 
that the fragments of the substructure are sufficiently 

40 oriented to provide for anisotropic cellular ingrowth 
into the heteromorphic sponge. For example, the pla- 
nar fragments could be organised like the ceil walls of 
a honeycomb, defining one-dimensional channels for 
cellular ingrowth. In such a case, preferably at least 

45 75% of the planar fragments intersect at an angle of 
30 degrees or less with an axis running parallel to the 
channels. In an alternative arrangement, the planar 
fragments of the substructure are arranged in a sub- 
stantially coplanar stack such that the heteromorphic 

50 sponge has a laminated structure. This arrangement 
provides two-dimensional planes for cellular in- 
growth. Preferably, at least 75% of the planar frag- 
ments are oriented such that their perpendiculars are 
inclined at an angle of 30 degrees or less to the mean 

55 perpendicular direction. 

More preferably, at least 75% of the substructure 
is oriented within 20 degrees of a mean direction of 
orientation of the substructure. 
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In another preferred embodiment the heteromor- 
phic sponge may further include materials which are 
active in aiding in the healing process. Active mole- 
cules may include: antimicrobials to control infection; 
cytokines and growth factors to enhance healing; an- 5 
tibodles to specific wound components such as TGFB 
to prevent contracture; collagen; peptides to act as 
chemotactic agents, angiogenic factors, hormones 
and enzymes; or pain killers. 

The heteromorphic sponge may be formed by 10 
making a heterogeneous premix comprising the sub- 
structure material suspended in a gel, paste, slurry or 
emulsion of the matrix material which is then freeze 
dried. 

The orientation of the substructure may be ach- is 
ieved in different ways. For example, the elements of 
the substructure such as films, fibres and the like 
may be laid down in an ordered fashion in a bath of 
the matrix gel, paste or slurry. Alternatively, the sub- 
structure may be an ordered structure such as a hon- 20 
eycomb of the substructure material which is then 
flooded with the matrix gel, paste or slurry. Sponta- 
neous ordering of the substructure can also take 
place. For example, where flakes of the substructure 
material are stirred into a slurry as above and the mix- 25 
ture is allowed to stand before freeze drying, sponta- 
neous ordering of the flakes is observed in the 
freeze-dried product. Spontaneous ordering offtakes 
and fibres also occurs when pastes or gels containing 
these substructures are extruded. 30 

In a preferred method, fibrous collagen, pre- 
washed to remove the majority of non-col lagenous 
components as described in US-A-4614794 or US-A- 
4320201 is suspended in clean deionised pyrogen 
free water and homogenised to a fine fibrous suspen- 35 
sion by passage through a homogenising system. 
Suitable homogenising systems are described in US- 
A-4320201. 

Homogenisation may be continued until a desired 
degree of fibre division is achieved. This results in a 40 
preferred fibre size of between 0.01 and 10 mm. 

Preferably, homogenised collagen is acidified to 
cause it to swell to a premix or gel suitable for freeze 
drying. The acidifying step may use an organic acid 
such as formic, acetic, propionic, lactic, malonic, or di- 45 
lute Inorganic acids such as hydrochloric acid at a sol- 
ids content of between 0.01% and 30% to a final pH 
of between 2 and 6. A preferred embodiment results 
in a pH of between 3.0 and 4.5. 

Adding sub-components to the matrix which en- so 
hance the regrowth of tissues preferably produces a 
final concentration of between 0.01% and 50% of the 
dry weight of the material. The second components 
may then be mixed so as to disperse them throughout 
the body of the premix. Mixing usually comprises stir- 55 
ring and may further include adding cross-linking 
agents to stabilise the matrix. 

A plasticiser such as glycerol or sorbitol may be 



added to a final concentration of between 0.1% and 
5%, based on the dry weight of collagen, and mixed 
with the premix. Oil may also be added at this stage 
with adequate homogenisation. The resulting matrix 
may comprise a slurry, gel, paste, emulsion or sus- 
pension which may then be mixed quickly with a pre- 
formed, fabricated solid material of the substructure 
to form the heterogeneous mix desired. This is then 
preferably fully degassed, poured into trays and 
freeze dried. 

The heteromorphic sponge can be freeze dried at 
its desired final thickness or dried as a block and cut 
to size and shape prior to packaging and sterilisation. 
Where a film is produced, this may be rolled onto tube 
carriers or pre-cut into lengths and stored flat Films 
may also be made by pouring a slurry of collagen onto 
flat trays and drying in a stream of warm air at be- 
tween 20 Q C and 80°C. 

Drugs or active agents which are required for in- 
corporation into the heteromorphic sponges may be 
added to the sponge mixture or to the second com- 
ponents which will become substructures of the 
sponge before these are added to the premix for 
freeze drying. 

The invention is now further described with ref- 
erence to the following examples. 

Example 1 (Comparative Example) 

An isomorphic single-component collagen 
sponge is prepared as follows. 

An acetic acid suspension of collagen is prepared 
substantially as described above and in US-A- 
4614794. The suspension is adjusted to 0.45% solids, 
degassed and poured into trays to a depth of 3mm. 
The mixture is rapidly frozen and freeze dried. The re- 
sultant material is an isomorphic, substantially homo- 
geneous collagen sponge. 

Example 2 

A two-component heteromorphic sponge con- 
taining oriented film laminae is prepared as follows: 

First, a gel or slurry of fibrous collagen is pre- 
pared as described above. Glycerol is added as a 
plasticiser to a final weight of 0.5% and the gel is then 
extruded through a suitable flatbed, slit extruder onto 
a moving belt of suitable material so as to form a fine, 
unbroken film on the conveyor. The moving conveyor 
belt passes through a drying cabinet with the temper- 
ature set at 55°C. The dry film is stored by rolling onto 
tube carriers or as pre-cut lengths stored flat in 
boxes. 

In a variant, the films are made by pouring the 
slurry of collagen onto flat trays and drying in a 
stream of warm air. 

The two-component heteromorphic sponge sys- 
tem is made by fabricating pre-cast and dried films 
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with sponge premix, as follows. A layer of collagen 
sponge gel or slurry is poured at a thickness of 1mm 
and blast frozen. Collagen film is then placed onto the 
frozen slurry and a second layer of collagen slurry 
poured to a required thickness. This composite is 5 
then blast frozen. Collagen slurry and film layers can 
be built up to any desired thickness by this procedure. 
It is also possible, but less convenient, to layer col- 
lagen film onto unfrozen collagen slurry followed by 
a second layer of unfrozen collagen slurry. 10 

In a variant, oxidised regenerated cellulose is ob- 
tained commercially in the form of Surgteel 111 fabric 
and is pre-coated with hyaluronic acid (1% solution in 
water) and re-dried in warm air. This material is used 
as the uppermost lamina in a sponge film laminated 15 
structure made as described above. An advantage of 
this material is found to be that it can be sutured into 
place in the wound bed, the Surgicel™ providing 
strength to hold the sutures. 

The degree of orientation of the substructure is 20 
determined by scanning electron microscopy (SEM) 
at 100x magnification of the sponge material sec- 
tioned at right angles to the plane of substructure ori- 
entation. The substructure f iims are found to be highly 
oriented, with a standard deviation from the plane of 25 
orientation (ten data points) of only 2 degrees. 

Example 3 

A two-component heteromorphlc sponge con- 30 
taining oriented flaked film fragments is prepared as 
follows. Flakes of the film described in Example 2 are 
made by homogenising dry collagen film in a Waring 
Blendor three times, each for 30 sec. at high speed. 
Larger film flakes are prepared by homogenising for 35 
shorter time periods. The flakes of film are then 
quickly dispersed in the collagen sponge gel (or slur- 
ry) described in Example 1 and the mixture is poured 
into trays and freeze dried. 

The degree of orientation of the substructure 40 
flakes is determined by SEM as described above. The 
flakes show roughly coplanar orientation with a stan- 
dard deviation (based on measurements on 10 
flakes) of 12 degrees. The orientation of the flakes 
appears to have taken place spontaneously in the 45 
precursor slurry. 

Example 4 

A two-component heteromorphlc sponge con- 50 
taining a substructure of oriented fibres is prepared 
as follows. 

Long fibres in the form of collagen sutures 
(0.5mm x 5cm) or oxidised regenerated cellulose 
threads are inserted longitudinally into a collagen 55 
slurry (prepared as in Example 1) retained In a glass 
Pasteur pipette. The pipette is chilled to -30°C to 
freeze its contents, and the glass is then removed by 
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breaking. The frozen cylinder of slurry containing the 
fibre substructure is then freeze dried. 

Example 5 

A three-component heteromorphlc sponge is 
made as follows. Collagen film flakes and fibres are 
incorporated together into a collagen sponge gel or 
slurry and heteromorphlc sponges are made as de- 
scribed In Examples 3 and 4. 

Example 6 

Cellular invasion into an oriented heteromorphic 
sponge is investigated as follows. 

A heteromorphic sponge containing oriented sub- 
structure of collagen film is prepared as in Example 
2. Discs of this sponge of thickness 3mm and diam- 
eter 1cm are implanted subcutaneously via 1.5cm in- 
cisions through the paniculus carnosus of male Spra- 
gue Dawley rats (200-250g) and the incision closed 
by suture. The rats are sacrificed after 3, 7 and 14 
days and the implant and surrounding tissue re- 
moved for histological examination. The examination 
shows that inflammatory cells (polymorphonuclear 
cells and macrophages), and subsequently fibro- 
blasts, have infiltrated the sponge matrix of the im- 
plant by directed migration along the direction of the 
laminae of the substructure. 

The above examples are intended solely by way 
of illustration. Many other heteromorphic sponge 
structures falling within the scope of the accompany- 
ing claims wilt be apparent to the skilled reader. 



Claims 

1 . A bloabsorbable heteromorphic sponge compris- 
ing a matrix structure of sponge and at least one 
substructure, wherein the matrix and the sub- 
structure are formed of bioabsorbable materials 
and the substructure is oriented. 

2. A bioabsorbable heteromorphic sponge accord- 
ing to claim 1 , wherein the substructure is select- 
ed from the group consisting of films, flaked or 
broken films fibres, fibre bundles and mixtures 
thereof. 

3. A bioabsorbable heteromorphic sponge accord- 
ing to claim 1 or 2, wherein the bioabsorbable ma- 
terials are the same or different and comprise 
bbpolymer macromolecules selected from the 
group consisting of all collagen types, elastin, f \- 
bronectin, lamlnin, tenascin, hyaluronic acid, 
chrondroitin sulphate, dermatan sulphate, fibrin, 
dextran, heparin sulphate, vitronectin, oxidised 
regenerated cellulose and mixtures thereof. 
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4. A bioabsorbabie heteromorphic sponge accord- 
ing to any preceding claim wherein the substruc- 
ture comprises films or flaked or broken films de- 
fining a laminated structure. 

5 

5. A bioabsorbabie heteromorphic sponge accord- 
ing to any of claims 1 to 3 wherein the substruc- 
ture defines linear channels in the sponge. 

6. A bioabsorbabie heteromorphic sponge accord- 10 
ing to claim 1 , 2 or 3, wherein at least 75% of the 
substructure is oriented within 30 degrees of a 
mean direction of orientation of the substructure. 

7. A bioabsorbabie heteromorphic sponge accord- 15 
ing to claim 6 wherein at least 75% of the sub- 
structure is oriented within 20 degrees of a mean 
direction of orientation of the substructure. 

8. A bioabsorbabie heteromorphic sponge accord- 20 
ing to any preceding claim, further comprising at 
least one material which is active in aiding wound 
healing. 

9. A method of preparing a bioabsorbabie hetero- 25 
morphic sponge comprising a matrix structure of 
sponge and at least one oriented substructure, 
comprising the steps of: 

providing a gel, paste, slurry or emulsion 
of a first bioabsorbabie material and a solvent; 30 

providing an oriented solid substructure of 
a second bioabsorbabie material immersed in the 
gel, paste, slurry or emulsion; and 

freeze-drying the gel, paste, slurry or 
emulsion to produce the bioabsorbabie hetero- 35 
morphic sponge. 

10. A method according to claim 9 further comprising 
the step of extruding the gel, paste, slurry or 
emulsion having the second bioabsorbabie mate- 40 
rial immersed therein to orient the solid substruc- 
ture. 
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